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 ,QWURGXFWLRQ
Following the German tradition, the ECB assigns a “prominent role for money" (see Angeloni 
et al, 1999, ECB, 1999). Money is viewed as the nominal anchor of the Euro-system and the )LUVW
3LOODU of the ECB strategy. In accordance, a “reference value” for the rate of monetary expansion is 
being announced. Such reference value does not have, however, the strength of an intermediate 
target. Lack of controllability of the money supply over the short-run, uncertainty concerning the 
transmission mechanism in the Euro-system and the recognition that the launch of the euro would 
represent a significant structural break led the ECB to adopt instead a weak type of money targeting, 
in which there is no commitment to correct deviations over the short-term. In addition, a 6HFRQG
3LOODU (“a general assessment of price stability using a broad range of indicators”) was formulated, 
opening a window for less orthodox approaches to price stability. The ECB framework reflects, 
thus, a balance between continuity with the Bundesbank policy, so as to inherit credibility, and 
flexibility,  as  required  to  operate  in  the  global  environment.  In  any  case,  either  as  a source of 
information or as an intervention indicator, money has a major role in ECB policy formulation.  
Not  surprisingly,  the  stability  and  information  content  of  Euro  area  monetary  aggregates 
became a very topical issue in the research agenda (some references below). In general, empirical 
exercises addressing this issue have been able to find stable money demand functions for the Euro 
area. Yet whether such stability is applicable to the post-EMU money demand is an open question. 
Indeed, since these studies have been based on constructed pre-EMU monetary aggregates, their 
validity has been questioned both in light of the Lucas critique and aggregation bias (discussions, 
for example, in Beyer et al. 2001, Arnold and de Vries, 2000, Fagan and Henry, 1999, Hayo, 1999, 
Spencer, 1997, Arnold, 1994). 
This paper challenges the empirical literature on EU-wide money demand from a different 
angle. In a financial environment marked by absence of capital controls and growing international 
portfolio diversification, the agents’ ability to shift the location and the currency denomination of 
their asset holdings may have a destabilising impact on money demands. Borrowing the arguments 
put forward by the Theory of Currency Substitution (e.g, Miles,1978, Karaken and Wallace, 1981, 
McKinnon, 1982, Girton and Roper, 1981, Boyer and Kingston, 1987, Freitas, 2002), we argue that, 
if money demand in Europe responds to monetary developments in US, the domestic rate of money 
growth may become a poor indicator of risks to price stability.    2 
 
The structure of this paper is as follows. Section 2 reviews the literature on EU-wide money. 
Section  3  describes  the  main  empirical  models  of  CS.  In  Section  4,  we  test  for  euro-dollar 
substitution under alternative specifications. Section 5 concludes.  
 &XUUHQF\6XEVWLWXWLRQDQG(XURSHDQZLGHPRQH\
The  phenomenon  of  International  Currency  Substitution  (CS)  became  a  central  issue  in 
monetary economics and one that should increase importance in the future. As recently pointed out 
by Masson (2000), technology and globalisation are blurring the distinction between national and 
international uses of money and this phenomenon opens a channel through which the domestic 
money market is exposed to shocks occurring abroad1.  
In Europe, the CS debate was revived during the transition to EMU, giving rise to the so- 
called “indirect approach” to CS (see Artis, 1996, for a survey). Following the argument, as capital 
controls were phased out, residents’ demand for monetary assets became increasingly influenced by 
European variables, raising the question as to whether stable money demand functions could be 
estimated at the national level. As long as foreign currency holdings were denominated in European 
currencies,  however,  LQWHUQDOLVDWLRQ  could  be  achieved  by  aggregating  up.  This  question  was 
addressed, among others, by Bekx and Tulio (1989), Kremers and Lane (1990), Bayoumi and Kenen 
(1993),  Cassard  et  al.  (1994)  and  Spencer  (1997),  who  found  that  European-wide  monetary 
aggregates are indeed more stable and/or more helpful to predict national inflation rates than the 
correspondent national aggregates2. This evidence revived the confidence on the role of quantitative 
                                                 
1  These  shocks  can  either  affect  the  total  demand  for  international  money  and  its  composition  among 
international currencies. The former type of shocks includes, for example, changes in the volume of international trade 
and financial disturbances in specific countries or areas - as long as they lead to debt emission, intervention or the 
replacement of domestic currencies by an international currency. The second type of shocks includes, for example, 
changes in the relative user costs of international currencies, which induce “international CS”. 
2 In a different approach, Monticelli (1996), investigated whether the inclusion of different types of cross border 
deposits in the definition of money would improve the properties of the estimated money demand equation. Contrary to 
the evidence found at the national level by Angeloni, Cotarelli and Levi (1994) - that "extended" monetary aggregates 
perform  consistently  better  than  standard  aggregates  for  most  EU  countries  -  Monticelli  (1996)  found  that  at  the 
European level none of the "extended" measures outperformed the one obtained by the sum of traditional national 
definitions (see also Fagan and Henry, 1999). These studies however overestimate the amount of foreign currency 
deposits held inside the euro-area at the cost of those held abroad, because UK (and hence the City) was considered 
member of the monetary union.    3 
 
money targets and favoured the view that the ECB might be able to implement monetary policy 
more effectively than individual central banks3.  
A different question is whether CS vis-à-vis the US dollar remains as a potential source of 
instability4. Earlier money demand specifications for the euro-area often included a term designed to 
capture dollar substitution. For money aggregates comprising the EMS7 (Germany, France, Italy, 
Netherlands, Denmark, Belgium, Ireland), the presence of CS was tested by a long term interest 
rated differential (Bekx and Tullio, 1989), the dollar-ECU nominal exchange rate (Kremers and 
Lane, 1990) and the dollar-ECU real exchange rate (Artis et al., 1993, Tullio et al., 1996). For the 
EMS9 (EMS7 plus UK and Spain), Monticelly and Strauss-Khan (1993) tested the significance the 
actual exchange rate depreciation. Although none of these studies was devoted directly to the CS 
hypothesis and despite some specification problems, it is remarkable that the term capturing dollar 
substitution was always found to be significant. It is thus surprising that the most recent empirical 
investigation on the Euro-wide money demand (Funke, 2001, Brand and Cassola, 2000, Coenen and 
Vega, 1999, Fagan and Henry, 1999, Hayo, 1999, Fase and Winder, 1998) has been entirely devoted 
to the closed economy portfolio model. 
                                                 
3 Whether this “indirect approach” provides evidence of intra-European CS is a different question. As noted, for 
example, by Fagan and Henry (1999), the superiority of EU-wide estimates can be attributed either to a statistical 
averaging effect or to asymmetric shocks (of which CS is only a special case) that offset each other in the aggregate. For 
direct tests suggesting the existence of intra-European currency substitution, see Melvin (1985).  
4 It should be noted that, since foreign currency holdings in the domestic banking system are included in the ECB 
official aggregate, part of CS is already "internalised". Current ECB data suggests that residents’ foreign currency 
deposits inside the EU amounts to 2.5-3.0% of total deposits.    4 
 
 $SSURDFKHVWR&XUUHQF\6XEVWLWXWLRQ
Following Mizen and Pentecost (1994), the CS hypothesis will be tested in the context of the 
two main theoretical models of CS, the Portfolio Balance Model (PBM, Cuddington, 1983, Branson 
and Henderson, 1985) and the Liquidity Services Model (LSM - Miles, 1978, Thomas, 1985, Joines, 
1985). These two approaches give rise to different empirical models, as briefly described bellow.   
In light of the PBM, money is a simple asset without any particular feature that makes it 
distinguishable from other assets. Assuming gross substitutability between money and other assets, 
builders  of  this  approach  have  employed  "postulated"  money  demand functions that depend on 
wealth and opportunity costs. In a closed economy where the only available assets are domestic 
money and domestic bonds, the relevant opportunity cost is the domestic interest rate. In an open 
economy, if foreign money and foreign bonds are also available, the demand for domestic money 
will  depend  as  well  on  the  foreign  interest  rate  and  the  expected  exchange  rate  depreciation. 









￿ Y \ D H D H L D L D D P + + + + + + = 4 3
*
2 1 0 ˆ ) ˆ ( ,                                                                    (1) 
where P is the log of real money balances, L and 
* L  are the nominal interest rates on domestic and 
foreign bonds respectively, 
￿
H 1 ˆ +  is the expected exchange rate depreciation and \ is the log of the 
domestic income. The expected signs are  0 , , 3 2 1 < D D D  and  0 4 > D . The term  2 D captures capital 
flight and  3 D measures the extent of CS.  
The LSM motivates the use of money by its means of payment role. Using microeconomic 
tools, this approach explains why money is held in portfolio, despite being dominated by interest-
bearing  assets5.  Assuming  complete  bond  markets  and  constant  relative  risk  aversion, portfolio 
decisions become separable from CS6. That is, first, an investor selects his currency holdings based 
on each currency transaction services and opportunity costs. Then, she borrows or lends to achieve 
the  desired  overall  portfolio  composition.  An  optimal  currency  hedge  is  created  and  the 
                                                 
5 Liquidity services have been specified either as reducing transaction costs or as an argument of the consumer’s 
utility  function.  Since  the  utility  functions  that  have  been  specified  for  empirical  purposes  are  in  general  weakly 
separable,  these  two  approaches  become  functionally  equivalent.  For  a  stochastic  model  in  which  money  reduces 
transactions costs, see Thomas (1985). For a stochastic model in which money enters in the utility  function, see Smith 
(1995).  
6 In Miles (1978), such separability was simply postulated. The proof that, in the presence of complete bond 
markets, portfolio and CS decisions are separable is due to Thomas (1985).    5 
 
denomination structure of the individual portfolio is independent of the currency holdings. Currency 
holdings in each denomination depend only on marginal productivities in the production of liquidity 
services and user costs. Since a decision to hold more money in one denomination requires reduced 
holdings in the other, a rise in the relative user cost of the foreign money implies a shift towards the 
domestic currency. Thus, contrary to the PBM, in this theory the domestic money demand depends 





￿ X \ E L E L E E P + + + + = 3
*
2 1 0 .                                                                                           (2) 
The expected signs are  0 1 < E  and  0 , 3 2 > E E . The restriction  0 2 1 = +E E  is, however, sensible 
if  relative  user  costs,  rather  than  individual  interest  rates,  drive  the  money  demand  (for  an 
illustration, see Appendix 1).  
 (VWLPDWLRQUHVXOWV







￿ Z \ H L L P 1 14 13
*
12 11 10 ˆ + + + + + = b b b b b ,                                                                       (i) 
However,  the  empirical  implementation  of  (i)  is  problematic,  because  under  uncovered 
interest  rate  parity  (UIP)  the  domestic  interest  rate  and  the  foreign  interest  rate  plus  expected 
depreciation are the same. To overcome this problem, we experiment different models, dropping at 
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*
42 41 40 + + + + = b b b b ,                                                                                (iv) 
Equations (ii), (iii) and (iv) can be interpreted as re-parameterisations of (1) and (2) under 
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In the empirical exercise, we use quarterly data from 1982:q2 through 1999:q37. The variables 
used are the log of the (seasonally adjusted) real M3 in the euro-area (P) the log of real GDP in the 
euro-area (\)the 10-year government bonds yields in the euro-area and in the US (L and 
* L and a 





Table 1 displays the results of the unit root tests. Integration of order one is tested against the 
alternative  of  trend  stationarity  for  P  and  \  and  the  alternative  of  stationarity  in  levels for the 
interest rates and expected depreciation (the Breush-Godfrey LM statistics tests the absence of auto-
correlation). In all cases the null is not rejected.   
Table 2 reports the estimation results, using the Johansen procedure (PcFiml version 9.10, 
Dornik and Hendry, 1997). For comparative purposes, the number of lags was set the same in all 
equations.  Taking  into  account  the  usual  information  criteria,  the  PCFiml  F-tests  for  system 
reduction and also the common practice in previous works, the lag-length was set equal to 2. 
As in both Brand and Casssola (2000) and Coenen and Vega (1999), residual non-normality is 
the major estimation problem across equations. For this reason, cointegration is evaluated only on 
the basis of the trace test (and the correspondent correction for small samples), which is likely to be 
more robust to some forms of non-normality than the maximal eigenvalue test. In all equations the 
trace statistic suggests the existence of a unique co-integrating vector (in equation iv, the Reimers’ 
statistic is roughly below the 95% border). 
As expected, residual diagnosis for model (i) reveal major econometric problems. As shown 
in Table 2, equation (i) exhibits residual non-normality in 3 out of 5 equations, significant vector 
non-normality and significant vector auto-correlation.  Results are only displayed for comparative 
purposes.  
                                                 
7  All  European-wide variables are from the ECB database, as displayed in Brand and Cassola (2000). The 
remaining variables are from the IFS. Although consistent data are available from 1980:q1, our experiments revealed 
better residual diagnosis after removing the first observations from the sample. Coincidentally, both Coenen and Vega 
(1999) and Brand and Cassola (2000) reported the existence of outliers in the beginning of the sample.  
8 As shown in Figure 1, although differences between the short term interest rate differential and the DFWXDO
exchange rate depreciation are often significant, they tend to be mean-reverting. 
9 In the literature, both the domestic inflation rate and a money market interest rate have been included among the 
regressors. In the exercise above, these variables are not included so as to reduce the complexity of the model. In 
practice, estimation exercises suggest that these two variables, although enriching the short-term dynamics of the model, 
might in general be dropped from the money demand equation to form orthogonal relationships together with the long-
term interest rate (see Brand and Cassola, 2000, and Coenen and Vega, 1999). These exercises are available from the 
author upon request.    7 
 
Since models (ii-iv) can be seen as reparameterisations of each other (though not exactly, 
because of the different maturity used in the interest rates and the exchange rate proxy), we expect 
the estimation results to be consistent. In model (ii) - also adopted in some earlier literature on EU-
wide money, residual diagnosis improved significantly in comparison to (i)10. Expected depreciation 
gets a negative and significant coefficient, but the coefficient of the domestic interest rate is not 
significant11. Note that a zero restriction on  21 b  is consistent with the LSM, in the particular case in 
which  0 2 1 = +E E . Under the PBM, the interpretation is not that obvious. Indeed, in light of this 
approach  a  zero  restriction  on  21 b   would  only  be  possible  if  0 2 1 = = D D ,  which  violates  the 
assumption of substitutability between money and bonds.  
In  model  (iii),  vector  autocorrelation  is  no  longer  significant  but  residual  tests  reveal 
autocorrelation in the equation for P, calling for caution in the use of inference. Still, the positive 
coefficient obtained in the foreign interest rate under this specification12 is more favourable to the 
LSM than to the PBM13.  
In model (iv), there is no evidence of autocorrelation. Both interest rates are significant at 95% 
and the respective signs are in accordance to the LSM. Signs are also consistent with the PBM in 
case UIP holds, but magnitudes are not14. In equation (iv), the significance level of the restriction 
0 42 41 = + b b  is 72%, suggesting the relevant opportunity cost to be the relative user cost, rather 
than individual interest rates.  
Equation (iv) not only reveals better residual diagnosis than the other specifications used, but 
it  also  achieves  greater  stability  under  recursive  estimation  (see  charts  A1-A4  in  Appendix  2). 
                                                 
10 Although vector autocorrelation cannot be rejected at 90%, similar coefficients and significance levels were 
obtained in a more reliable (free of auto-correlation) specification, with k=4. As explained above, in Table 2 the lag 
length is kept equal to 2 for comparative purposes.  
11 In Monticelli and Strauss-Khan (1993) both the domestic interest rate the DFWXDO depreciation rate were found 
significant.  These  estimates,  however,  are  likely  to  be  biased,  because  the  authors  didn’t  identify  the  second  co-
integrating vector. 
12 Although not displayed in Table 2, the significance level of the foreign interest rate under specification (iii) 
declines to 7% when the expected depreciation term is set equal to zero.  
13 Using UIP to eliminate the domestic interest rate from (1), one obtains  0 2 1 32 < + = D D b . Hence, under the 
PBM, the coefficient on the foreign interest rate in (iii) shall never be positive.  
14 Thomas and Wickens (1991) used specification (iv) to test simultaneously for the PBM and the LSM, arguing  
that, if  42 b  is positive, then the later model is more likely to hold. Such conclusion is questionable, however, when UIP 
holds,  because  in  this  case  the  reduced  form  coefficients  under  the  PBM  null  are  0 3 2 1 41 < + + = D D D b   and 
0 3 42 > - = D b . However, the PBM can be ruled out whenever the sum  42 41 b b +  is not strictly negative, as in the case 
at hand.    8 
 
Unreported  estimation revealed that specification (iv) is robust to the presence of the domestic 
inflation in the variable set. 
Summing up, in each equation, either the foreign interest rate or the expected depreciation 
perform  at  least  as  well  as  the  domestic  interest  rate15.  This  evidence  is  favourable  to  the  CS 
hypothesis in general. The results also suggest that money demand in Europe responds to changes in 
relative user costs, rather than to changes in individual interest rates, which in general is favourable 
to the LSM of money demand16.  
In all equations, the sign and significance of the loading factor for P suggests that this variable 
falls in response to a monetary overhang. However, it is impossible to say if this is due to a rise in 
the price level or a policy response.  
                                                 
15 A possible conciliation, assuming that (2) holds, is that the omission of the foreign interest rate from (ii) 
renders the exchange rate proxy significant, because its influence is captured by the interest rate differential, while the 
domestic  interest  rate  becomes  redundant.  To  confirm  this,  modified versions of equations (ii), (iii) and (iv) were 
estimated, replacing the bond rates by money market rates. The results (available upon request) are basically equivalent, 
except  that  the  domestic  money  market  rate  was  never  significant.  This  may  also  explain  why  the  interest  rate 
differential is significant in (ii) but not in (iii). 
16 The failure of the PBM might be unexpected given the broad concept of money used in the analysis. However, 
the weight of M2 in M3 is as high as 85%. Although not reported here, similar results were obtained running (i)-(v) for 
the aggregate M2. For M1, which roughly amounts to 40% of M3, no reliable specification was found (same in Funke, 
2001).    9 
 
 &RQFOXGLQJUHPDUNV
Since  the  euro-area  is  a  larger  and  relatively  more  closed  economy  than  any  of  the 
participating countries, there is a view that it should be mainly affected by internal shocks, rather 
than  by  monetary  developments  abroad.  By  stressing  the  influence  of  foreign  variables  in  the 
demand for domestic money, the results obtained in this paper challenge this “de-coupling effect” 
view  of  the  European  monetary  unification  (recent  evidence  on  asset  returns  by  Detken  and 
Hartmann, 2000,  points to the same conclusion). 
Being benevolent in respect to the limitations of the empirical exercise, it appears that the 
liquidity  services  model  of  money  demand  provides  a  better  description  of  the  data  than  the 
portfolio  model.  This  result  suggests  that  money  is  mainly  held  for  transaction  purposes,  as 
expected when financial markets are deep and free of controls. Still, such conclusion challenges the 
previous literature on EU-wide money, which has been exclusively devoted to the PBM.  
In  light  of  the  Lucas  critique,  the  coefficients  estimated  above  may  have  little  value  for 
forecasting and policy prescription17. The aim of this exercise is not however, to defend particular 
elasticity values for the money demand so as to justify any money supply rule. On the contrary, by 
stressing the interdependent nature of the international monetary system, we add an argument to the 






                                                 
17 For example, it has been argued that the emergence of the euro as international currency will enhance its 
substitutability vis-à-vis the dollar. In that case the coefficients estimated above would be underestimating the extent of 
CS, but the conclusion that interdependency matters would be reinforced. The concerns that the emergence of the euro 
as international currency may increase the unpredictability of exchange rates and reduce the effectiveness of monetary 
policies are likely to be reviving the debate on the architecture of the international monetary system (see, for example, 
Mundell, 2000, Mckinnon, 2000, Cooper, 2000).   10 
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Source: Own calculations. Deviations from UIP are measured as the difference between the short-term interest 
rate differential and the actual quarterly depreciation rate, annually adjusted.   
 
Table 1: Unit roots tests  
  Lags  LM (4)  Trend  ADF 
m  6  2.79  yes  2.03 
y  1  7.70  yes  1.89 
i  6  1.70  no  1.69 
i*  7  6.25  no  1.48 
ê  8  6.00  no  1.36 
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TABLE 2: TESTING THE CURRENCY HYPOTHESIS UNDER 
ALTERNATIVE SPECIFICATIONS   
 





















Ho:rank=r   
0 = U   83.72**     
1 £ U    39.74        
2 £ U   22.26 





0 = U    71.76*    
1 £ U     34.06      
2 £ U    19.08 













m       : 0.995 [0.43]    
y       : 0.357 [0.88]    
i       : 1.717 [0.15]    
i*      : 0.958 [0.45]    
H ˆ       : 1.801 [0.13]    
1RUPDOLW\&KLA
m       : 1.829 [0.40]    
y       : 9.362 [0.01] ** 
i       : 0.968 [0.62]    
i*      : 6.189 [0.05] *  
H ˆ      : 8.521 [0.01] *  
0XOWLYDULDWHWHVWV
AR 1-5  F(125,152) = 1.726 [0.00]** 
Normality Chi^2(10)= 33.138 [0.00]** 




H ˆ  L L 5HVLGXDOWHVWV
 
Co-integrating vector:  
 
















Ho:rank=r   
0 = U   65.69**     
1 £ U    25.15        





0 = U   58.19**   
1 £ U    22.27     
2 £ U     8.50     
0.087 
(0.027) 












m       : 2.186 [0.07]    
y       : 0.252 [0.94]    
i       : 2.656 [0.03] *  
H ˆ      : 1.588 [0.18]    
1RUPDOLW\&KLA
m       : 1.112 [0.57]    
y       : 7.139 [0.03] *  
i       : 1.743 [0.42]    
H ˆ  : 6.708 [0.03] *  
0XOWLYDULDWHWHVWV
AR 1-5  F(80,152) =  1.327 [0.07] 
Normality Chi^2( 8)= 17.465 [0.03]* 



























0 = U   64.92** 
1 £ U    28.26 





0 = U    57.5**   
1 £ U     25.03   














m       : 2.642 [0.03] *  
y       : 1.175 [0.33]    
i*      : 0.407 [0.84]    
H ˆ      : 1.703 [0.15]    
1RUPDOLW\&KLA
m       : 1.089 [0.58]    
y       : 8.176 [0.02] *  
i*      : 5.006 [0.08]    
H ˆ      : 8.812 [0.01] *  
0XOWLYDULDWHWHVWV
AR 1-5  F(80,152)  = 1.247 [0.12] 
Normality Chi^2( 8)= 20.981 [0.01]** 








-1  1.40 
(0.056) 
[0.00]** 











Ho:rank=r    
0 = U    53.2*      
1 £ U     25.34       





0 = U    47.12     
1 £ U     22.44     














m       : 0.902 [0.49]    
y       : 0.335 [0.89]    
i       : 2.112 [0.08]    
i*      : 0.847 [0.52]    
1RUPDOLW\&KLA
m       : 1.824 [0.40]    
y       : 8.229 [0.02] *  
i       : 1.034 [0.60]    
i*      : 6.098 [0.05] *  
0XOWLYDULDWHWHVWV
AR 1-5  F(80,152) =  1.139 [0.25] 
Normality Chi^2( 8)= 24.893 [0.00]** 








-1  1.30 
(0.048) 
[0.01]** 








Ho:rank= r  
0 = U    33.33*     
1 £ U     13.55        





0 = U    30.47*   
1 £ U     12.39     












m       : 1.203 [0.32] 
y       : 0.431 [0.82] 
i       : 2.429 [0.05]* 
1RUPDOLW\&KLA
m       : 0.467 [0.79] 
y       : 9.360  [0.01]** 
i       : 0.669 [0.72] 
0XOWLYDULDWHWHVWV
AR 1-5  F(45,137) =  1.188 [0.22] 
Normality Chi^2( 6)= 11.674 [0.07] 
Xi^2   F(72,250) =   0.827 [0.83] 
Notes: * = 95% significance. ** = 99 % significance. Standard errors are in common brackets. Significance levels are in 
square brackets. Significance levels for each coefficients and loading factor were obtained testing for the correspondent 
zero restriction, leaving all the other coefficients unconstrained. 





Thomas  (1985)  showed  that,  if  individuals  have  constant  relative  risk  aversion  and  bond 
markets are complete, portfolio decisions are independent from currency holdings. In this case, the 
optimal demand for domestic money can be obtained in a simple framework, in which individuals 
minimise user costs, subject to a liquidity constraint.  
Liquidity services are usually assumed to be an increasing function of real money holdings, 
with  some  form  of  substitutability  between  domestic  and  foreign  money.  The  typical  liquidity 































$ O .                                                                                   (A1) 
where 0  and 
* 0  denote the domestic and foreign money holdings, H is the nominal exchange rate 
and P is the domestic price level.  The individual problem is to minimise: 
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subject to  
0
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O ³                                                                                                                (A3) 
where S0 is a given level of liquidity services. The first order conditions of this problem imply the 
equality between the marginal rate of substitution in the production of liquidity services and relative 





























,                                                                                                     (A4) 
where  ( ) r s + - = 1 1  is the elasticity of currency substitution. The demand for domestic money can 
be obtained using (A4) to eliminate 


















































                                                                         (A5) 
For empirical purposes, since S0 is not observable, a convenient assumption is (see Marquez, 
1987):  
h a\ 6 = 0                                                                                                                            (A6) 
where y is domestic income and h is the income elasticity of money demand. Using (A6) in (A5) 


























·  Chart A2: Model (ii)  
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   18 
 
·  Chart A3: Model (iii)  














Semi-elasticity of foreign interest rate
 
·  Chart A4: Model (iv) 
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·  Chart A5: Model (v) 
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